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j.2012.09Abstract Fiber reinforced polymer (FRP) has been used over the last decade in the form of lam-
inates for strengthening reinforced concrete elements. Non-corrosive characteristics, high strength
and good fatigue properties of FRP signiﬁcantly increase the service life of structures. However,
FRP have a negligible resistance to ﬁre. This is mainly due to the fact that the epoxy adhesive used
in the application of FRP is badly deteriorated by high degree of temperature. The current paper
studies ﬁre protection of glass ﬁber reinforced polymer (GFRP) laminates used in strengthening
reinforced concrete columns. The experimental program of this study included testing of seven rein-
forced concrete circular columns. Two columns were tested as control columns. Five columns were
exposed to high degree of temperature, while being loaded, to simulate the actual situation in struc-
tures. Two different systems for protecting GFRP laminates against ﬁre were used with varying
thickness. Specimens were exposed to high degree of temperature by different durations and then
reloaded to measure the residual strength. The behavior and failure modes of the strengthened con-
crete columns exposed to high degree of temperature are presented. Recommendations for applica-
tion of protective coating to FRP systems against high degree of temperature are given. Theoretical
analysis was also carried out to predict the load capacity of the reinforced concrete columns
strengthened by GFRP laminates. Evaluation of the analytical work was introduced and compared
to the results of the experimental work.
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.007Introduction
Reinforced concrete columns strengthened by GFRP lami-
nates could be subjected to high degree of temperature due
to an accidental ﬁre or due to the usual use. It is known that
the efﬁciency and durability of the FRP system are affected
by the environmental conditions such as: surface cracking,ction and hosting by Elsevier B.V. All rights reserved.
Notations
Ag gross area of section (mm
2)
As area of nonprestressed steel reinforcement (mm
2)
Ef tensile modulus of elasticity of FRP (MPa)
f0c cylinder speciﬁed compressive strength of concrete
(MPa)
fcu cubic speciﬁed compressive strength of concrete
(MPa)
f0cc apparent compressive strength of conﬁned con-
crete (MPa)
fl conﬁning pressure due to FRP jacket (MPa)
fy speciﬁed yield stress of nonprestressed steel rein-
forcement (MPa)
D member diameter (mm)
n number of plies of FRP reinforcement
tf nominal thickness of one ply of the FRP reinforce-
ment (mm)
lfe the effective strain in the FRP jacket (mm/mm)
lfu design rupture strain of FRP reinforcement (mm/
mm)
lf FRP reinforcement ratio
Ke conﬁnement efﬁciency factor for partial wrapping
S vertical distance between centers of two FRP slices
(mm)
bf width of FRP slice (mm)
D1 = 400 mm 
D2 = 180 mm 
116 H.Z. El-Karmotyoxidation, chemical degradation, high temperature, delimita-
tion, wearing [1–5].
Methods of protections are to use certain advanced resins
or applying ﬁre protection systems. Also, the protection must
be durable with the use of such structure. All of the protection
methods work to keep the resin temperature below the glass
transition temperature (Tg). Above that degree of temperature,
the resin changes from a hard brittle state to a softer ductile
state. This change degrades the FRP efﬁciency. The properties
of the polymer show a quite sudden change at its Tg tempera-
ture. Above that temperature the resin crystal suffers discon-
tinuous in its integrity. The common used resin has a Tg of
(60–82 C). However some other resin has higer Tg tempera-
ture like: 100 C for polystyrene, 105 C for polymethylmeth-
acrylate, 150 C for polycarbonate and 145 C for
polyetherketon [6–8]. The compressive strength, the tensile
strength and shear strength are similar of epoxy resins drops
suddenly for temperature close to the glass transition temper-
ature and becomes negligible for temperature above the glass
transition temperature of 100 C approximately [9].
The scope of this research is to investigate different coating
systems to protect the reinforced concrete columns strength-
ened by GFRP. The studying parameters include case of con-
ﬁning, high degree of temperature duration and coating
material. The second objective of this research is to predict the-
oretically the load capacity of the reinforced concrete columns
strengthened by GFRP and exposed to high degree of
temperature.20
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Fig. 1 The concrete dimensions of the specimens.Research program
Seven reinforced concrete circular columns were tested under
the effect of axial compressive loading. All specimens had
the same concrete dimensions. The column had a circular cross
section with diameter 200 mm, 1500 mm clear height and
2050 mm overall height including corbel heads, while the top
and bottom corbels were 400 mm in diameter. Those corbel
heads were introduced to prevent premature failure. Fig. 1
shows the concrete dimensions of the specimens. The main
parameters of the study were: case of conﬁning, duration
and coating material. Table 1 shows the columns
conﬁgurations.Materials properties
Natural siliceous sand, crushed stone from Suez area, Ordin-
ary Portland Cement (OPC), tap drinking water, and chemical
admixture were used in this work. Testing of these materials
was carried out according to Egyptian Standard Speciﬁcations
and the ASTM Standards. Dolomite used had a nominal max-
imum size of 10 mm. The cement used in this investigation was
‘‘Egyptian Ordinary Portland Cement’’ which is manufactured
locally and complies with the Standard Speciﬁcations. The
chemical analysis and the physical properties of the used
cement as determined by laboratory tests showed its suitability
for concrete work. Clear water free from impurities was used
for mixing.
Deformed high tensile steel of 12 mm diameter with yield
strength of 4020 kg/cm2 and ultimate strength of 6100 kg/
Table 1 Columns conﬁgurations.
Column Conﬁned by Coated by Exposed
temperature
Duration (h)
C1 – – – –
C2 GFRP – – –
C3 – – 600 1
C4 – – 600 2
C5 GFRP – 600 2
C6 GFRP Type-1 600 2
C7 GFRP Type-2 600 2
Thermal protection of reinforced concrete 117cm2 was used as main reinforcement for all tested columns.
Mild steel of 8-mm diameter, yield stress of 2900 kg/cm2 and
ultimate stress 4150 kg/cm2 was used for stirrups.
Glass ﬁber reinforced polymers (GFRPs) was used in this
study. The stress–strain relationship of GFRP laminates is lin-
early elastic up to failure as reported by manufacturing com-
pany. In this study the used GFRP laminates were
manufactured by Sika Company, which known as SIKA
WRAP HEX 430 G (VP). The roll package of laminates had
12-inch (304.8-mm) width, 0.17-mm thickness and 50,000-
mm length. The tensile strength and modules of elasticity of
the laminates are 2250 MPa and 70 GPa, respectively as
reported by the manufacturing company. The epoxy paste,
which was applied on the column surface was Sikadure-41.
The minimum compressive strength, ﬂexural strength, tensile
strength and bond strength to steel after 10 days as reported
by the manufacturing company are 75, 25, 10 and 10 MPa,
respectively. Epoxy resin named Sikadure-330 was used to
bond the GFRP laminates to the concrete. The ﬂexure modu-
lus, tensile strength and adhesive strength on concrete of the
resin are 3800, 30 and 4 MPa, respectively as reported by the
manufacturing company.
Fabrication of test columns
The specimens were fabricated at three stages. The ﬁrst stage
was the fabrication of seven reinforced concrete circular col-
umns, the second stage was the application of conﬁning
scheme for four columns of them and the third stage was the
application of coating material for two columns of them.
The different coating materials are:
Type-1 consists of 2.5 cm Cement Plaster.
Type-2 consists of 2.5 cm Perlite, Gypsum Plaster and
2.5 cm Ceramic Fiber.
The design cube compressive strength of the concrete was
20 MPa after 28 days to simulate the worst case in the exciting
buildings. The concrete had a 10 mm maximum aggregate size
and 100 mm slump. The water cement ratio was 0.6 and the ce-
ment content was 325 kg/m3. Concrete constitutes were added
separately by weight using digital balance of 0.1 kg sensitivity,
while water added by volume. Mixing is performed using a
concrete drum mixer. First, sand, dolomite and cement were
dry mixed for about 1 min until a homogeneous color was
observed. Then the water was gradually added while mixing
was continued for 2 min.
Two steel forms were prepared for casting the concrete.
Concrete was cast in the material laboratory of Housing andBuilding National Research Center at 25 C temperature. Con-
crete was compacted after casting using an electrical vibrator
for 2 min. The sides of the form were removed after 48 h. Cur-
ing of specimens with water started immediately after casting
for 14 days.
The longitudinal steel of the column consisted of ﬁve rebars
of 12 mm nominal diameter arranged symmetrically in the
cross section. Steel reinforcement percentage was 1.8%. The
transverse reinforcement of columns comprised 8 mm nominal
diameter peripheral hoops. The hoops were spaced 190 mm.
Stirrups were detailed to keep the thickness of the concrete
cover of the tested columns equals 25 mm which the minimum
thickness that achieve the requirements of the ﬁre resistance of
reinforced concrete columns according to Egyptian Code of
Practice for Reinforced Concrete Construction, E.C.P-203
[10]. To avoid the premature failure, the corbels were heavily
reinforced with 16 mm nominal diameter deformed rebars in
the shape of vertical reinforcement in direction of bending
moment.Application of GFRP strengthening
The strengthening procedure was applied as per the instruc-
tions of the manufacturing company of the laminates,
 Preparation of the concrete surface using a hammer and
blower to remove the weak elements on the concrete cover.
 Application of epoxy paste (Sikadure-41) on the column
surface to ﬁll the irregularities on the surface.
 Smoothing the surface of the epoxy past.
 Application of the mixed resin (Sikadur 330) to the pre-
pared substrate using a trowel in a quantity of approxi-
mately 0.7–1.2 kg/m2 depending on roughness of the
substrate.
 Attaching the GFRP laminates to the column surface.
 Rolling the GFRP laminate by special laminating-roller to
ensure that GFRP laminates are saturated in the epoxy
resin, and there is no air voids between the ﬁbers and the
concrete surface.
Application of thermal protecting coating
Coating materials (Type-2) was applied after the concrete
had reached an age of 28 days, with the following steps,
 A form was prepared to put the specimen in it to achieve the
required thickness of coating.
 Calculate the quantity of material as mix design, the mix-
ture properties of the coating mix used is as shown in
Table 2.
 Add the water in the container.
 Add the air entraining admixture on the water and rote it
until the pupils appears.
 Add the gypsum to water and admixture.
 Rotate the mixer until observing homogeneity of
content.
 Add perlite and ﬁber.
 Rotate the mixer but do not exceed 3 min.
 Cast the content in the form and vibrate it.
Table 2 Mix design of plasters applied for one cubic meter of plaster applied with gypsum.
Perlite plaster (m3) Gypsum (kg) Water (L) Fiber (g) Air entrained admixture (L)
1 400 250 600 3
The furnace door 
300 mm 100 mm 100 mm 
10
0 
m
m
 
30
0 
m
m
 
Control unit 
Electric Nical 
Chrome heater 
Concrete cross 
section 
Ceramic fiber (for 
isolation) 
The isolation 
Plaster 
10
0 
m
m
 
Fig. 2 High degree of temperature technique.
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Fig. 3 Test setup of the specimens.
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Fig. 2 shows the furnace which was designed to apply the test-
ing load on specimens during the exposure to high degree of
temperature. The furnace was made of outside steel plate cast-
ing line of Ceramic Fiber for isolation and provided with elec-
tric Nical Chrome heaters. The furnace openings were
surrounded by glass wool to prevent or reduce the losses of
the elevated temperatures. The furnace was provided with a
thermostat and controls unite for controlling and monitoring
of the applied temperature, respectively. The tested columns
were under the head of the 5000-kN hydraulic loading ma-
chine. All of tested columns were heated under the application
of constant vertical load level equals 50% of the ultimate load
determined from testing the control column C1. The furnace
was installed under the machine and around the tested column.
The furnace was switched on until reaching to the target
temperature. After exposing the tested column to the target tem-
perature for the planned period, the furnace was switched off
and the load was released to get out the furnace out. The col-
umn was lift to cool gradually in air for 24 h and then reload
the tested column until failure to record the residual strength.Test setup and instrumentation
The specimens were tested up to failure using AMSLER com-
pression testing machine of 5000 kN capacity. The testing
Thermal protection of reinforced concrete 119machine consists of lower moving piston which moves on a
spherical head covered by a plate so that the applied load is
always passing through the center of the sphere, and perpen-
dicular to the column’s cross section whenever the eccentricity
is applied. On the other hand, the upper plate is moving
around ﬁxed sphere. A 5000 kN load cell was used to record
the compressive load. The specimen was placed on a lower
bearing plate and the load was applied through an upper
one. The axial displacement of the column was measured using
linear variable distance transducers, (LVDT) with length of
1000 mm. The LVDT was attached to the side of the tested
column using 3 mm ﬁsher bolts as shown in Fig. 3. The load
and longitudinal compressive strains were measured through
a data acquisition system.
Test results
All test results are summarized in Table 3, the ultimate load of
each column, the initial stiffness and the ductility. Failure
modes of columns were observed and recorded. The experi-
mental results show the relation between axial strain and the
ultimate load of each column.
Failure modes of columns
The failure mode of unstrengthened columns C1, C3 and C4
was brittle failure. The concrete crushed suddenly when the ax-
ial ultimate load reached. The longitudinal reinforcing bars
buckled between hoops. The load dropped to relatively low va-
lue when the column failed. No obvious difference in the fail-
ure mode between heated and unheated columns. The failure
mode of column C2 was due to sudden rupture of GFRP
sheets followed by crushing of concrete. This failure mode
was brittle compression failure. In general, failure is less brittle
than the failure of column C1. The failure mode of column C5
was due to quick rupture of GFRP sheets. Upon further load-
ing, concrete crushing occurred. This failure mode was brittle
compression failure. Failure mode of columns C6 and C7
was similar with that of C2 due to the good protection. The
failure mode was due to spalling of the protection layer and
sudden rupture of GFRP sheets followed by crushing of con-
crete. Failure is less brittle than the failure of column C1.
Fig. 4 show the failure modes of all columns.
Ductility
Ductility of columns is deﬁned as the area under the load – vertical
strain curve, which represents the energy absorption capacity
of the column. Ductility values of the different columns were
calculated numerically based on the recorded load – verticalTable 3 The test results.
Column Ultimate
load (kN)
Pc/Pc1% Axial strain at
ultimate load
C1 654 100 0.0023
C2 778 119 0.004
C3 587 90 0.0026
C4 555 85 0.0029
C5 592 91 0.0039
C6 712 109 0.0038
C7 795 122 0.0039strain relationships. The ratio between the ductility of all col-
umns and the control column is shown in Table 3.
Initial stiffness
The initial stiffness is deﬁned as the initial slope of the linear
zone of the load strain curve.
Effect of various studied parameters
The main objective of this research is to investigate the high
degree of temperature protection of reinforced concrete circu-
lar columns strengthened by GFRP laminates and subjected to
axial compressive load. The main parameters of the study
were: case of conﬁning, ﬁre duration and coating material.
Fig. 5 showed the load-longitudinal compressive strain rela-
tionships for all tested columns.
From this curve, the maximum load capacities of control
column C1 and GFRP strengthened column C2 were 654
and 778 kN, respectively. The ultimate load carrying capacity
of C2 was more than that of control column by 19%. That
is due to the high value of tensile modulus of the GFRP lam-
inates, which leads to good conﬁnement pressure of GFRP
wrapping. FRP systems can be used to increase the axial com-
pression capacity of a concrete member by providing conﬁne-
ment with an FRP jacket. FRP jackets provide passive
conﬁnement to the compression member, remaining unstressed
until dilation and cracking of the wrapped compression ele-
ment occurs. For this reason, intimate contact between the
FRP jacket and the concrete member is critical. The conﬁne-
ment effect had signiﬁcant effect on the ductility and the initial
stiffness of column C2 compared with those of the control col-
umn C1. The ductility and the initial stiffness of C2 were more
than those of control column C1 by 168% and 57%,
respectively.
Fig. 5 and Table 3 showed the test results of the tested col-
umns C1, C3 and C4, which indicate that the increase in the
degree of temperature lead to decreases in ultimate load, initial
stiffness and ductility, which were due to the phase change of
cement components. Also change in color of the column sur-
face was observed. The decreases in ultimate loads were 10%
and 15% for ﬁre duration times of 1 and 2 h, respectively.
The decreases in ductility were 3% and 5% for ﬁre duration
times of 1 and 2 h, respectively. Similarly, the decreases in ini-
tial stiffness were 3% and 17% for ﬁre duration times of 1 and
2 h, respectively.
The test results of GFRP strengthened columns C2 and C5
indicated that the increase in the degree of temperatureDuctility
(kN mm/mm)
Initial stiﬀness
(KN mm/mm)
Ductilityci/
ductilityc1%
0.75 213,430 100
2.01 335,497 268
0.73 207,265 97
0.71 176,873 95
1.32 272,574 176
1.94 294,870 258
2.14 325,308 285
Fig. 4 Failure modes of all tested columns.
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120 H.Z. El-Karmotydegraded the GFRP efﬁciency. The properties of the polymer
show a quite sudden change at its Tg temperature. Above that
temperature the resin crystal suffers discontinuous in its integ-
rity. The GFRP resin changes from a hard brittle state to a
softer ductile state. The compressive strength, the tensile
strength and shear strength of epoxy resins dropped suddenly
for temperature close to the glass transition temperature and
becomes negligible for temperature above the glass transition
temperature of 100 C approximately. The degradation of
GFRP efﬁciency leaded to decreases in ultimate load, initial
stiffness and ductility by 24%, 19% and 34%, respectively.
Fig. 5 and Table 3 showed the effect of thermal protecting
coating techniques on the ﬁre behavior of GFRP strengthened
columns. All used thermal protective coating techniques were
effective to protect the GFRP laminates. Using of Type-1
(2.5 cm Cement Plaster) as thermal protecting coating tech-nique increased the ultimate load carrying capacity of GFRP
strengthened column exposed to ﬁre by 20% but the ultimate
load of column still smaller than that of the GFRP strength-
ened column not exposed to ﬁre by 9%. Using of Type-2
(2.5 cm Perlite, Gypsum Plaster and 2.5 cm Ceramic Fiber)
as thermal protecting coating technique increased the ultimate
load carrying capacity of GFRP strengthened column exposed
to ﬁre by 34%. Using of Type-1 and Type-2 as thermal pro-
tecting coating techniques increased ductility’s of GFRP
strengthened columns exposed to ﬁre by 47% and 62%,
respectively. Similarly, Using of Type-1 and Type-2 as thermal
protecting coating techniques increased initial stiffness of
GFRP strengthened columns exposed to ﬁre by 8% and
19%, respectively.
Using of Type-2 (2.5 cm Perlite, Gypsum Plaster and 2.5 cm
Ceramic Fiber) is more effective compared with Type-1
(2.5 cm Cement Plaster). On the other hand, Type-1 (2.5 cm
Cement Plaster) is readily available, well understood, econom-
ical, and relatively easy to produce, place, ﬁnish, and cure.
Generally, cement plaster can be proportioned to match the
properties of the underlying concrete; therefore, cement plaster
is applicable to a wide range of ﬁre protection.
Theoretical analysis
The second objective of this research is to predict theoretically
the load capacity of the reinforced concrete columns strength-
ened by GFRP and exposed to high degree of temperature.
This section introduces theoretical prediction of the behavior
of the tested specimens. The model considers the stress strain
behavior of concrete and steel, the ﬁrst principles and the basic
assumptions for designing the reinforced concrete elements.
Table 4 The test results.
Column Pexp (kN) Ptheo (kN) Pexp/Ptheo%
C1 654 639 1.02
C2 778 709 1.10
C3 587 568 1.03
C4 555 531 1.05
C5 592 568 1.04
C6 712 709 1.00
C7 795 709 1.12
Thermal protection of reinforced concrete 121The model considers also the change of the properties of the
exposed concrete.
The change in the concrete color from gray to pink, which
was caused by the exposure to the elevated temperatures, was
inspected and the depth of the pink parts was measured. This
change in color means that the concrete lost more than 70% of
its original compressive strength [11]. The pink parts of the
heated columns (layers of thicknesses were 20 and 30 mm
according to the experimental measures for 1 and 2 h exposed
to the high degree of temperature, respectively) were ignored in
the presented model. The other parts of concrete, which its col-
or did not change, kept its original compressive strength. The
steel reinforcement can recover almost all of its strength after
cooling if its temperature was not more than 700 C [11].
Hence, the developed model did not take any change in the
properties of the reinforcing steel into consideration.
Conﬁning a concrete element is accomplished by orienting
the ﬁbers transverse to the longitudinal axis of the member.
In this orientation, the hoop ﬁbers are similar to conventional
spiral or tie reinforcing steel. Any contribution of longitudi-
nally aligned ﬁbers to the axial compression strength of a con-
crete member should be neglected. Conﬁnement results in an
increase in the apparent strength of the concrete and in the
maximum usable compressive strain in the concrete.
The FRP resin changes from a hard brittle state to a softer
ductile state above the degree of (Tg) temperature of 100 C
approximately. The properties of the polymer show a quite
sudden change at its (Tg) temperature. Above that temperature
the resin crystal suffers discontinuous in its integrity. This
change degrades the FRP efﬁciency.
The used protection methods keep the resin temperature
below the glass transition temperature (Tg). Hence, the FRP
in the presented model had its original properties.
The stress strain curves for steel and concrete were taken as
the common idealized curves which were presented in Egyptian
Code of Practice for Reinforced Concrete Construction,
E.C.P-203 [10]. For nonprestressed members with existing
steel-tie reinforcement:
Pu ¼ 0:67fcucðAg  AsÞ þ fyAs ð1Þ
According to Egyptian Code of the Design and Construc-
tion of ﬁber reinforced polymer (FRP) Reinforcement for
Field Construction [12], ACI Committee 440-F [2] and Mander
et al. 1988 [13], the apparent conﬁned concrete strength for a
circular concrete element wrapped with an FRP jacket provid-
ing a conﬁning pressure, fl can be found from Eq. (2).Fig. 6 Partial wrapping for circular columns.fcuc ¼ fcu 2:25
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1þ 9:875 fl
fcu
s
 2:5 fl
fcu
 1:25
" #
ð2Þ
The conﬁning pressure provided by an FRP jacket can be
found from Eq. (3):
fl ¼ Ke lfEfefe
2
ð3Þ
If the member is subjected to combined compression and
shear, the effective strain in the FRP jacket should be limited
based on the criteria given in Eq. (4):
efe ¼ 0:004 6 0:75efu ð4Þ
FRP jackets are most effective at conﬁning circular mem-
bers. The FRP system provides a circumferentially uniform
conﬁning pressure to the radial expansion of the compression
element when the ﬁbers are aligned transverse to the longitudi-
nal axis of the member. Fig. 6 show the partial wrapping for
circular columns.
Conﬁnement efﬁciency factor for partial wrapping can be
found from Eq. (5):
Ke ¼ 1 ðS bfÞ
2D
 2
< 1 ð5Þ
The conﬁning pressure provided by an FRP jacket installed
around a circular element with a diameter, D, can be found
using the reinforcement ratio given in Eq. (6):
lf ¼
4bf ntf
SD
ð6Þ
Table 4 presents the experimental and predicted ultimate
loads for all tested specimens as calculated using the presented
model. The ratio between the experimental ultimate axial
capacity and the analytical ultimate capacity ranged between
1 and 1.1. The maximum difference between the calculated
and experimental ultimate loads of the tested columns was
10%. It can be clearly noticed that the presented model nearly
estimated the same ultimate axial load capacity of the tested
specimens. The developed model can predict the residual ulti-
mate loads of the heated columns with a reasonable accuracy.
Conclusions
From the analysis and discussion of the test results obtained
from this research, the following conclusions can be drawn:
(1) Conﬁning concrete column with GFRP system increase
the ultimate failure load up to 19%.
122 H.Z. El-Karmoty(2) The resistance of FRP system when exposed to high
degree of temperature is returned to Tg of epoxy used
in hardened ﬁber so that until the good type of epoxy
used with higher Tg to prevent to the FRP system to sus-
tain some high degree of temperature.
(3) Using of Perlite with gypsum has more efﬁcient than
cement mortar due to the thermal conductivities of gyp-
sum and Perlite are less than that of cement. While
cement plaster is readily available, well understood, eco-
nomical, and relatively easy to produce, place, ﬁnish,
and cure.
(4) Using of 2.5 cm cement plaster as thermal protecting
coating technique increased the ultimate load carrying
capacity of GFRP strengthened column exposed to ﬁre
by 20% but the ultimate load of column still smaller
than that of the GFRP strengthened column not
exposed to ﬁre by 9%. Using 2.5 cm Perlite, Gypsum
Plaster and 2.5 cm Ceramic Fiber as thermal protecting
coating technique increased the ultimate load carrying
capacity of GFRP strengthened column exposed to ﬁre
by 34%.
(5) In case of rehabilitation make sure that in critical case
with exposing the FRP system to high degree of temper-
ature that the reinforcement concrete elements can carry
the dead load without depending on the FRP system.
(6) The model presented in this study gives a good predic-
tion for ultimate loads for all tested specimens. The
maximum difference between the calculated and experi-
mental ultimate loads of the tested columns was 10%.
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